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(1.2) $\Omega_{d,\gamma}\equiv\{(a_{\gamma}(s)-u\frac{db_{\gamma}(s)}{ds},$ $b_{\gamma}(s)+u \frac{da_{\gamma}(s)}{ds})|(s, u)\in \mathbb{R}\cross(0, d)\}$
$\perp \mathrm{y}\mathrm{p}\mathrm{e}\mathrm{S}\mathrm{e}\tau \mathfrak{o}\mathrm{y}A\mathcal{M}^{3}‘.-\cdot\perp_{\mathrm{E}}\mathrm{X}$
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( )
$-\Delta$ on $L^{2}(\Omega_{d,\gamma})$ with Dirichlet boundary conditions
$\gamma(s)\equiv 0$ $\Omega_{d,\gamma}=\mathbb{R}\cross(0, d)$ $\sigma(-\Delta)=[\frac{\pi^{2}}{d^{2}},$
$\infty)$ ( $\sigma$
)
P.Exner P.\v{S}eba [1] O\not\equiv \mbox{\boldmath $\gamma$}( )
$\sigma_{eSS}(-\Delta)=[\frac{\pi^{2}}{d^{2}},$ $\infty)$ ( $\sigma_{ess}$ essential spectrum )
$0<d$ + $[0,$ $\frac{\pi^{2}}{d^{2}})$ $-$
K.Yoshitorrii [2] $\gamma$
Bloch




$\mathbb{R}\cross(0, d)\ni(s, u)\mapsto(a_{\gamma}(s)-u\frac{db_{\gamma}(s)}{ds},$ $b_{\gamma}(_{S})+u \frac{da_{\gamma}(s)}{ds})\in\Omega_{d,\gamma}$
injective –
(
) quantum waveguides $(s, u)\neq$
$(s’, u)’$
$M=\mathbb{R}\cross(0, d)\ni(s, u)$ Riemann
(1.3) $\rho(s, u)^{2}dS^{22}+du$
$p^{\sim}(s, u)\equiv 1+:\iota\dot{\iota}\gamma\langle\sim s^{\backslash }J(\searrow\nearrow. \oplus)$
$M$ Dirichlet Laplace-Beltrami
(1.4) $- \Delta_{M}\equiv-\frac{1}{\rho}(\frac{\partial}{\partial s}\frac{1}{\rho}\frac{\partial}{\partial s}+\frac{\partial}{\partial u}\rho\frac{\partial}{\partial u})$ on $L^{2}(\mathbb{R}\cross(\mathrm{o}, d),$ $\rho(s, u)dsdu)$ .
$L^{2}(\mathbb{R}\cross(0, d),$ $\rho(S, u)dsdu)$ $\mathbb{R}\cross(0, d)$
$\rho(s, u)d_{Sdu}$ Hilbert
118
(1.5) $U:L^{2}(\mathbb{R}\cross(0, d),$ $\rho(S, u)dsdu)arrow L^{2}(\mathbb{R}\cross(0, d),$ $dsdu)$
$f(s, u)\vdasharrow\sqrt{p(s,u)}f(s, u)$
(1.6) $H \equiv U(-\Delta M)U*=-\frac{\partial}{\partial s}\frac{1}{p^{2}}\frac{\partial}{\partial s}-\frac{\partial^{2}}{\partial u^{2}}+V(_{S}, u)$ on $L^{2}(\mathbb{R}\cross(0, d))$





(A.1) $\gamma 0\in C^{2}(\mathbb{R})$ $l(>0)$ $\gamma 0,\min\equiv$
$\min_{s\in \mathrm{R}^{-}}\gamma 0(S)$
(2.1) $\gamma_{0,\min}>0$
( $c^{2}(\mathbb{R})$ 2 )
(A 2) $0\leq f\in C_{0}^{2}(\mathbb{R})$
$F(s) \equiv\sum_{i\in \mathbb{Z}}f(.S-\cdot il)$ ’ $F_{\min} \equiv\min_{\mathrm{R}S\in}F(s)$
(2.2) $F_{\min}>0$
( $C_{0}^{2}(\mathbb{R})$ 2 )
(A 3) $\{q_{i}(\omega)\}_{i\in \mathbb{Z}}$ $(\Omega, S, P)$
$[- \frac{1}{2}, \frac{1}{2}]$ –
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(A 4) $g$ disorder parameter
$0\leq g<g0$ , $g_{0} \equiv\frac{2}{\max_{s\in \mathrm{R}}F(s)}$
$\gamma$ randomness random
(2.3) $\gamma_{g,\omega}(s)\equiv\gamma 0(s)(1+g\sum_{i\in \mathbb{Z}}qi(\omega)f(s-il)\mathrm{I}$
$g=0$ $\gamma 0$ disorder param-
eter $g$ $\gamma_{g,\omega}$ randomness
ramdom
(2.4) $H_{g,\omega} \equiv-\frac{\partial}{\partial s}\frac{1}{\rho_{g,\omega}^{2}}\frac{\partial}{\partial s}-\frac{\partial^{2}}{\partial u^{2}}+V_{g},\omega$ on $L^{2}(\mathbb{R}\cross(0, d))$
with Dirichlet boundary conditions, $\sqrt\underline{\mathrm{B}}\llcorner$,
$\rho_{g,\omega}(S, u)\equiv 1+u\gamma_{g,\omega}(s)$
$V_{g,\omega}(s, u) \equiv\frac{1}{2}\frac{1}{\rho_{g,\omega}^{2}}u\gamma_{\mathit{9},g}’’\omega(\mathit{8})-\frac{5}{4}\frac{1}{\rho_{g,\omega}^{4}}u\gamma 2’,\omega(s)^{2}-\frac{1}{4}\frac{1}{\rho_{g,\omega}^{2}}\gamma_{\mathit{9}^{\omega}},(S)2$










Theorem 1. (A. $\mathit{1}$)$-(A.\mathit{3})$ $d_{0}$ $0<d<d_{0}$
(A.5) $0<g’<g0$ $g’$ $[0, g’]$
Lipschitz $a(g),$ $[0, g’]$ Lipschitz $b(g)$
(i) 0 $<c_{1}<c_{2},0<c_{1}’<c_{2}’$
$a+C_{1g}\leq a(g)\leq a+C_{2}g<b-C_{2}’g\leq b(g)\leq b-c_{1}’g$
(ii) $\sigma(H_{g,\omega})\cap[a, b]=[a, a(g)]\cdot\cup[b(g), b]$ P–a.s. $(g\in[0, g’])$
(iii) $a_{1}(g)$ $b_{1}(g)$ ($g\in(0)$ gJ])
$a\leq a_{1}(g)<a(g)<b(g)<b_{1}(g)\leq b$





$\Lambda_{L}(x)\equiv\{y=(y_{1}, y2)\in \mathbb{R}\cross(0, d)||y_{1}-X1|<\frac{L}{2}\}$
$\tilde{\Lambda}_{L}(x)\equiv\{y=(y1, y2)\in\Lambda_{L}(x)||y_{1}-X1|>\frac{L}{2}-l\}$
$H^{\Lambda_{L}(x)}\equiv H|_{L^{2}(}\Lambda_{L}(x))$ with Dirichlet boundary- conditions
$R_{g,\omega}^{\Lambda_{L}(x})(_{\mathcal{Z})\equiv}(.H_{g}^{\Lambda_{L(x}},)-\omega z)-1$
A XA A
Definition ].. $m>0,$ $E\in \mathbb{R},$ $x=(x_{1}, X_{2}),$ $x_{1}\in l\mathbb{Z},$ $4l\leq L\in 2l\mathrm{N}$




Definition 2. $m>0,$ $E_{0}>-c_{0} \equiv\inf V_{g,\omega},p>1,$ $m_{0}>0,0<\beta<1,$ $q>$
$4p+6,$ $L_{0}\in 2l\mathrm{N}$ , (P1), (P2)
$(P1)$ $\mathrm{P}\{\Lambda_{L_{0}}(0)\theta^{\grave{\grave{\mathrm{a}}}}(m_{0}, E_{0})-regu\iota_{a}r\}\geq 1-L_{0}-$
$(P2)$ $-c_{0}<E$ E Lo $\leq L\in 2l\mathrm{N}$
$\mathrm{p}\{d(E, \sigma(H_{\omega}\Lambda L(0)))<e-L^{\beta}\}\leq(E+Co)L^{-}q$
Theorem 2. $0<m<$. $m0$ $B=B(m_{0}, m, \beta_{P},, q)>0$
$L_{0}\geq B$ (P. $\mathit{1}$), $(P,\mathit{2})$ $\delta>0$ $[E_{0}-\delta, E_{0}+\delta]$
$H_{g\omega}$ 1 pure point spectrum mass–m
gap $a(g),$ $b(g)$ 2
1
(P,2)
Proposition 1(Wegner $\mathrm{t}\mathrm{y}\mathrm{P}^{\mathrm{e}}$ estimate). c>O $-c_{0}<E,$ $0<$
$\eta\leq E+c_{0}$
$P\{d(E, \sigma(H^{\Lambda_{L}(}0))g,\omega)<\eta\}\leq C(E+c_{0})\eta|\Lambda_{L}(\mathrm{o})|2$
(P,1) multiscale analysis (induction) 1 (P,2)
multiscale analysis key (
) . $l<<L’<<L$ , $y’\in\Lambda_{L}’(y)\sim$
$||X_{\tilde{\Lambda}_{L}(x}R^{\Lambda_{L}}(x)(_{Z})g,\omega)X_{\Lambda(y}\iota)||_{\Lambda_{L}(x)}\leq c_{z}||X_{\tilde{\Lambda}_{L’}}R^{\Lambda},v(_{\mathcal{Z}}(y)g^{L’()}\omega)x\Lambda l(y)||_{\Lambda_{L’}(y})$
$\cross||X_{arrow \mathit{1}\tilde{\mathrm{i}}_{L}}/R\Lambda L(\dot{x})(_{Z})w\backslash x_{\wedge}\prime \mathrm{t}\backslash x\grave{j}g,\overline{i}\langle\S’\}||_{\Lambda_{L(x}})$
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